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SuMMAry: the biodiversity of hard-bottom substrata comprises species growing on exposed rock and in hidden micro-
habitats, such as cracks and crevices. this study examines the succession of epibenthic organisms colonizing an artificial 
substratum with one surface exposed and one surface hidden on a vertical wall off northern chile. on each sampling date 
species coverage of three replicate panels on both surfaces was assessed. the hidden surface was dominated in terms of 
coverage by the bryozoans Membranipora isabelleana and Lagenicella variabilis, while algae were absent. in contrast, the 
exposed surface was dominated by encrusting red corallines and the red alga Rhodymenia corallina. At the end of the ex-
perimental period both surfaces were dominated by colonial suspension feeders, but showed a different community structure 
and successional pattern. on the exposed surface, competitive exclusion was identified as an important aspect of succession, 
whereas on the hidden surface this pattern was not observed. these findings have implications for overall biodiversity, 
because pioneer species that are not able to survive long periods on exposed surfaces become restricted to hidden surfaces, 
from where they spread laterally. thus, hidden microhabitats provide refuges for certain species, and may play an important 
role in the overall succession on rock faces. We conclude that examination of hidden microhabitats is necessary in order to 
fully understand succession in hard-bottom habitats.
Keywords: habitat complexity, epibenthic hard-bottom communities, succession, Peninsula Mejillones, humboldt current 
System.
reSuMen: Sucesión de communidades epibentónicas de fondos duros submareales colonizando superficies 
ocultas y expuestas en el norte de Chile. – la biodiversidad en sustratos de fondo duro está compuesta por especies 
que crecen en las superficies expuestas de las rocas así como también aquellas presentes en microhábitats ocultos como 
grietas y cavidades. este estudio examina el proceso de sucesión de organismos epibentónicos que colonizan un sustrato 
artificial presentando una superficie expuesta y una oculta en una pared vertical en la península de Mejillones en el norte 
de chile. cada tres meses, tres paneles fueron colectados y en el laboratorio se cuantificó la cobertura de especies en ambas 
superficies. durante la sucesión en las superficies ocultas los briozoos Membranipora isabelleana y Lagenicella variabilis 
dominaron la comunidad en términos de cobertura notándose una ausencia total de algas. en contraste, las algas coralinas 
custrosas y Rhodymenia corallina fueron componentes importantes de las comunidades que colonizaron las superficies 
expuestas. la estructura comunitaria y los patrones de sucesión fueron diferentes en ambas superficies, observándose una 
tendencia a la dominancia de los animales coloniales suspensívoros. en las superficies expuestas se identificó la exclusión 
competitiva como un proceso importante durante la sucesión, mientras que en las superficies ocultas este patrón no se ob-
servó. esto tiene implicaciones en la biodiversidad general, debido a que las especies pioneras que no pudieron sobrevivir 
periodos largos en las superficies expuestas, se restringen a los hábitats ocultos desde donde pueden crecer lateralmente. 
los microhábitats ocultos proporcionan refugios para algunas especies, lo que puede afectar la sucesión en hábitats rocosos. 
Concluimos que es necesario examinar los microhábitats ocultos para poder tener un total entendimiento de la sucesión en 
hábitats de fondos duros. 
Palabras clave: complejidad del hábitat, comunidades epibentónicas de fondos duros, sucesión, península Mejillones, 
Sistema de la corriente de humboldt.
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introduction
natural shallow subtidal rocky habitats are 
structured heterogeneously. variable slope, topog-
raphy, orientation, angle and the characteristics of 
the substratum have major consequences for the 
small-scale variability of abiotic and biotic factors 
(i.e. light intensity, currents, sediment and detritus 
accumulation, and barriers to predators), and thereby 
influence the establishment of epibenthic organisms 
(Witman and dayton, 2001; Miller and etter, 2008). 
in temperate zones, subtidal vertical rocky walls 
are often dominated by epibenthic suspension feed-
ers while numerous macroalgal species flourish on 
horizontal substrata, where they benefit from high 
levels of incoming light (Baynes, 1999; see review 
in Witman and dayton, 2001). A range of distinct 
microhabitats can be noted, from fully exposed 
horizontal and vertical plain surfaces (glasby, 2000; 
glasby and connell, 2001) to completely sheltered 
or hidden habitats such as shaded surfaces, crev-
ices, undersides of boulders, cracks, cavities and 
even large caves (Jackson, 1977; glasby, 1999a,b; 
richter et al., 2001). hidden microhabitats also oc-
cur beneath or within biogenic substrata, including 
kelp canopies (Melville and connell, 2001; ville-
gas et al., 2008) and foliose corals (Jackson, 1977; 
richter et al., 2001). these hidden microhabitats can 
be important for the survival of poorly competitive 
epibenthic species. firstly, they provide refuge from 
consumers during settlement, post-settlement and 
juvenile growth (coyer et al., 1993; raimondi and 
Morse, 2000; roleda et al., 2007). Secondly, hidden 
microhabitats may alleviate competition, both from 
species that dominate in more exposed habitats (irv-
ing and connell, 2002; Miller and etter, 2008) and 
between congeners (navarrete et al., 2008). thirdly, 
such habitats may serve as refuges from harmful 
abiotic conditions such as strong currents or solar ra-
diation (e.g. Burnaford, 2004). the vast majority of 
studies analysing the main factors influencing subti-
dal rocky community composition have been con-
ducted using plain, exposed surfaces (e.g. Sebens, 
1986; Siddon and Witman, 2004). however, species 
that first settle on inner (hidden) rock surfaces, from 
which they later spread onto exposed surfaces, form 
an important component of the community.
Succession on exposed, hard-bottom epibenthic 
communities off the coasts of northern and central 
chile typically follow a sequence of early, mid- and 
late colonisation in which competitive exclusion is 
an important driving factor (navarrete and castilla, 
2003; valdivia et al., 2005; cifuentes et al., 2007). 
hidden habitats are likely to be colonised by differ-
ent communities but species interactions and proc-
esses involved in shaping such communities are 
not well known. Previous studies have mentioned a 
conspicuous absence of macroalgae in hidden and 
shaded habitats, which leads to a dominance of in-
vertebrates (irving and connell, 2002). At such sites 
competitive exclusion might be limited or masked 
by other limitations such as restricted food supply 
(Baynes, 1999; richter et al., 2001). Settlement in 
hidden habitats can be species- or site-specific but 
the type and strength of post-settlement interactions 
might also depend on the species composition of 
adjacent exposed surfaces. differences between hid-
den and exposed communities are to be expected, 
but the interactions and processes involved require 
evaluation.
to analyse whether the succession process differs 
between hidden and exposed microhabitats, artificial 
substratum units with hidden and exposed surfaces 
were installed on a vertical rock wall off northern 
chile. communities developing on the exposed and 
hidden surfaces were analysed sequentially over a 
27-month period. the aims were (i) to describe the 
succession of epibenthic organisms colonizing the 
distinct substratum surfaces, and (ii) to identify the 
mechanisms driving the community pattern.
MAteriAlS And MethodS
Study site
this study was carried out in the northern-central 
region of the coastal humboldt current System 
(hcS) at a vertical rock face known as the “Anem-
one Wall” (AW) at 23º28’S, 70º37’W off Peninsula 
Mejillones (near isla Santa María), northern chile. 
Peninsula Mejillones is one of the most productive 
upwelling centres along the northern coast of chile. 
A detailed description of the physical oceanography 
of the area is available in escribano et al. (2002). 
forming part of a small embayment, AW extends 
from the shallow subtidal down to 50 m depth. 
from the surface to 13 m the benthic community is 
dominated by the kelp Lessonia trabeculata. from 
13 m down to 30 m kelp abundance is substantially 
reduced and the dominant organisms are relatively 
small epibenthic taxa, such as filamentous and en-
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crusting red algae, bryozoans, sponges and vermetid 
gastropods (Pacheco and laudien, 2008). Since a 
similar community composition was observed in 
surrounding vertical rocky areas, the community 
studied on AW can be considered representative of 
the exposed coast of Peninsula Mejillones (A. Pa-
checo, unpublished data).
Experimental design
in January 2006, 24 circular polyethylene panels 
(white, 40 cm in diameter, 1.5 cm thick, fig. 1) were 
installed at AW. this material was chosen because 
it provides a clean habitat surface of uniform size, 
complexity and history (see also underwood and 
chapman, 2006). Polyethylene has been shown to 
avoid bias due to selective larval settlement or sub-
stratum rejection, because its neutral charge does not 
influence natural biochemical conditioning (dexter 
and lucas, 1985; rodríguez et al., 1993). the ex-
perimental panels were installed in an approximately 
horizontal line along a 60-m-section of the wall 
between 15 and 17 m depth. the distance between 
panels varied from 1 to 3 m depending on the relief 
of the rock wall. the panels were roughened with 
sand paper (grade no. 60) in order to provide a ho-
mogeneous surface structure (Bourget et al., 1994). 
the circular shape ensured that edge effects were 
equal along the border of the circular sampling area. 
to install panels at AW, holes were drilled and wall 
plugs inserted. thereafter, adaptors (a polyethylene 
cylinder 13.5 cm long and 4 cm in diameter) were 
screwed into each wall plug. the distance between 
panels and the rock wall was approximately 16 cm. 
At regular intervals of 3, 6, 9, 12, 15, 18, 21, 24 and 
27 months, three panels were randomly chosen, 
detached and placed carefully into individual mesh 
bags. each bag was deposited in an individual plas-
tic container filled with seawater and carefully trans-
ported to the laboratory. All panels were treated in 
the same way, so the potential methodological error 
was equal and allowed comparison.
Species identification and quantification
All taxa found on the exposed and hidden surface of 
the experimental panels were individually identified to 
the lowest taxonomic level possible. Benthic diatoms 
were registered and identified at the beginning of the 
experiment but were excluded from further analysis 
in order to avoid possible problems due to compari-
sons of species from very different size spectra. the 
percent coverage of sessile taxa was estimated count-
ing 130 intersection points from a circular grid (38 
cm diameter) projected onto the centre of both panel 
surfaces. the circular central area covered by the nut-
adaptor (50.2 cm2) was excluded from the analyses of 
both surfaces. Quantification and identification was 
always conducted by the same person counting from 
a fixed position above the panel in order to reduce 
methodological bias.
Abiotic factors
light intensity readings for both sides of the 
panels were obtained with a hoBo light data logger 
(MicrodAQ ltd, uSA). the logger was fixed with 
cable ties to the respective panel surface, where it 
recorded light intensity for three successive days of 
full sun (24-27th April 2008) using three different 
panels. differences in light intensity between hidden 
and exposed surfaces were evaluated using the non-
parametric Mann-Whitney test.
current velocity was assessed for both surfaces 
by measuring the mass loss from dissolution of gyp-
Fig. 1. – experimental polyethylene panel installed at 17 m water 
depth. 
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sum half-spheres (3 cm diameter, 2 cm radius, initial 
dry masses ranging between 9.45 and 12.24 g). the 
mass loss has been shown to be directly proportional 
to current velocity (yund et al., 1991). three pairs 
of gypsum blocks were attached to three newly in-
stalled panels, one block on each side. the panels 
were placed haphazardly along the experimental 
row. the gypsum blocks were retrieved after 24 h 
exposure time, dried and their mass was recorded. 
differences in percent mass loss per block between 
exposed and hidden surfaces were evaluated with a 
t-test. Statistical analyses were conducted using the 
Minitab software, release 14 for MS Windows.
Statistical analysis
differences in community composition be-
tween different sampling dates (months 3 to 27) 
and surfaces were tested using one-way analysis 
of similarity, AnoSiM. this is a non-parametric 
procedure, in which the difference between aver-
age ranked Bray-curtis dissimilarity values (square 
root transformed) among replicates, between treat-
ments and within treatments is used to calculate an 
r-statistic (clarke, 1993). When the global r-value 
of the AnoSiM test was significant (p<0.05), pair-
wise comparisons were conducted. therefore, the 
interpretation of pairwise comparisons was based 
on r-values (rather than p) as recommended by 
clarke and gorley (2006), because with three rep-
licates for each sampling date the significance level 
cannot be lower than p=0.1. these authors stated 
that the level of significance is very dependent on 
the number of replicates in the comparison, and 
thus always influenced by the sample size. r, on 
the other hand, is largely unaffected by the number 
of replicates (i.e. possible permutations) and gives 
an absolute measure of differences between two 
or more groups in the high-dimensional space of 
the data. in order to facilitate and visualise the in-
terpretation of pairwise comparisons, an nmMdS 
plot was constructed from a dissimilarity matrix 
calculated from euclidian distances between r-
values. to test whether community succession on 
the different panel surfaces underwent trajectory or 
sequential changes over time, a seriation with repli-
cation routine was run using the relAte analysis. 
dissimilarity matrix, nmMdS ordination plots, 
AnoSiM and relAte seriation analyses were 
performed using the PriMer v6 software package 
(clarke and gorley, 2006).
reSultS
Measurements of light and currents
during the three 24-h cycles, hidden surfaces 
received only 9% of the light intensity measured at 
exposed surfaces (1.2±Sd 5.19 lum m-2 compared 
to 13.01±Sd 75.62 lum m-2). the difference was 
significant (Mann-Whitney u-test; u = 346.57, 
df = 1, p<0.05). Mass losses of gypsum half-spheres 
installed on exposed (6.46±1.11 g) and hidden 
(7.05±5.24 g) sides of the panels were not signifi-
cantly different (t-test; t = 0.92, p>0.05).
Species cover during succession on exposed 
versus hidden panel sides
on both surfaces, succession started with benthic 
diatoms (Navicula sp., Nitzschia sp., Cocconeis sp., 
Amphora sp., and Cocinodiscus sp.). from the be-
ginning, young sporophytes of Rhodymenia coralli-
na were only present on the exposed surface. here, 
encrusting red corallines appeared after six months 
and persisted with about 30% coverage for most of 
the experiment, while abundances of the bryozoan 
Membranipora isabelleana were lower (fig. 2). for 
these two species coverage on exposed surfaces re-
mained constant, with a slight increase in abundance 
after one year. After 15 months, a strong recruitment 
of the barnacle Balanus flosculus (60.8% of total 
cover) was observed (fig. 2). three months later, 
the abundance of B. flosculus on exposed surfaces 
was reduced to 40% and the bryozoan Lagenicella 
variabilis occupied most of the space. L. variabilis 
abundance increased progressively from 33.8% at 24 
months to 70% at the end of the experiments, finally 
monopolising the available space on the exposed 
experimental substrata (fig. 2). thus, on exposed 
surfaces, community succession occurred in a clear 
transitional manner from early (encrusting red coral-
lines and M. isabelleana), via mid- (B. flosculus) to 
late (L. variabilis) colonizers (see below).
in contrast to exposed surfaces, hidden surfaces 
lacked macroalgae and were colonised instead by 
the bryozoan M. isabelleana after three months. 
coverage by this species increased progressively 
to a maximum of 67.2% cover after one year of 
exposure. L. variabilis appeared after 9 months and 
achieved 18.9% coverage before it decreased to 
5.4%, and then resurged at month 18 to reach 20% 
after 27 months of exposure (fig. 2). B. flosculus 
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recruited after one year and reached its maximum 
coverage (29.9%) after 18 months, before decreas-
ing to 8.8% towards the end of the experiment. the 
vermetid gastropod Dendropoma mejillonensis was 
present in low abundance throughout the experiment 
(fig. 2). the gastropod Trochita calyptraeaformis 
and the white anemone Anthothoe chilensis occurred 
in very low percentages of cover and only on hidden 
surfaces. during the study period succession on hid-
den surfaces did not follow a clear sequence of de-
velopment, as no substantial replacement of species 
was observed. the early colonizing M. isabelleana 
occupied most of the available substratum through-
out the experiment, even though it appeared to be 
overgrown by the late colonizer L. variabilis.
Temporal variation during successional 
development on exposed and hidden surfaces
the nmMdS ordination plot derived from the 
communities of exposed and hidden surfaces showed 
two separate groups (fig. 3). AnoSiM indicated 
differences in community composition between 
sampling dates and between exposed and hidden 
surfaces (r = 0.71, p<0.05).
for exposed communities, one-way AnoSiM 
detected significant differences in composition on 
different sampling dates (r = 0.732, p<0.05). A 
pairwise comparison nmMdS plot (fig. 3) showed 
that the dissimilarities were greater between well-
separated sampling dates (e.g. 3 vs 12 or 9 vs 24 
months) than consecutive samplings (6 vs 9, 12 vs 
15, 15 vs 18, 18 vs 21, 24 vs 27 months). the com-
munity compositions observed at consecutive sam-
plings mostly overlapped, indicating that the com-
munity developed through progressive changes. the 
modification in taxonomic composition (i.e. arrival 
of colonizers) takes at least 6 months. the seriation 
analysis (relAte routine) indicated a clear tenden-
cy towards seriation (ρ = 0.977, p<0.05), confirming 
a sequential pattern of succession.
communities found on hidden surfaces also 
showed significant differences between sampling 
dates (AnoSiM, r = 0.47, p<0.05). the nmMdS 
plot of pairwise comparisons (fig. 3) indicated 
that the developing community recorded early in 
the experiment (months 3 and 6) was highly dis-
similar to the ones observed in established stages. 
Some overlap in composition between the commu-
nity snapshots recorded at months 12, 15, 18 and 21 
was observed, but there were distinct differences in 
composition between these and the more established 
community that emerged after 24 and 27 months and 
Fig. 2. – Mean percentage (± Sd, n = 3) cover of epibenthic species 
colonizing exposed (white bars) and hidden (black bars) surfaces 
during successional development. numbers at the x-axis indicate 
the months after the panel’s exposure.
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also with communities after 9 months of develop-
ment. the relAte seriation analysis indicated a 
tendency towards a sequential pattern (ρ = 0.421, 
p<0.05) though less clearly than for communities of 
exposed surfaces.
diScuSSion
natural rock surfaces are topographically hetero-
geneous, commonly including a high proportion of 
hidden microhabitats. these are subject to distinct 
environmental conditions, and contribute to the di-
versity of the subtidal landscape. While most eco-
logical studies have focused on exposed substrata, 
hidden surfaces may support different assemblages, 
potentially contributing to substantial differences in 
function and diversity (richter et al., 2001).
during the 27-month in situ experiment described 
above, exposed surfaces were colonised by algae and 
several invertebrates. colonial forms were dominant 
in terms of coverage at the end of the experiment. 
in contrast, hidden surfaces consistently failed to be 
colonised by any type of algae. other studies have 
demonstrated similar reduced algal coverage in hid-
den and shaded habitats (e.g. duggins et al., 1990; 
glasby, 2000), and the reduced light intensity is 
mentioned as a likely cause. however, on artificial 
plots installed in the temperate subtidal system off 
southern Australia encrustations of corallines have 
been thriving, even under shaded conditions (con-
nell, 2005). this may be due to the relatively shal-
low deployment of artificial substrata in the latter 
study, at just 3-5 m water depth. light intensity may 
not have fallen below the physiological threshold of 
algal survival in that particular case.
in the present study bryozoans dominated the 
hidden substratum, in agreement with observations 
from other experiments using hidden plots, where 
bryozoans were conspicuous settlers (e.g. duggins 
et al., 1999; glasby, 1999b). this distributional pat-
tern reflects the negative phototaxic behaviour of 
Fig. 3. – Non-metric MDS plot (upper) derived from Bray-Curtis measures with square-root-transformed data of communities developed on 
exposed surfaces (open circle) and hidden surfaces (filled circle). Non-metric MDS plots derived from Euclidian distance calculated from 
the R-values resulting from pairwise comparisons after ANOSIM from communities developed on exposed surfaces and hidden surfaces. 
Numbers indicate the months after the panel’s exposure.
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bryozoan larvae during settlement (duggins et al., 
1999; glasby, 1999b).
the limpet Trochita calyptraeaformis was ob-
served exclusively on hidden surfaces. this may be 
explained by the behaviour of the juvenile (navarro 
and chaparro, 2002; chaparro et al., 2004), which 
crawls and grazes on biofilm and detritus deposited 
on rock surfaces, before settling to begin in life as 
a sessile and suspension-feeding adult (navarro and 
chaparro, 2002; chaparro et al., 2004). the hidden 
surfaces on which T. calyptraeaformis were found 
exclusively were dominated by the flat bryozoan 
M. isabelleana. on exposed surfaces the presence of 
the large, mound-shaped barnacle B. flosculus and 
the erect bushy bryozoan L. variabilis may hinder 
the movements and grazing of juvenile limpets. 
Another factor in the preference of T. calyptraea-
formis for cryptic habitats, suggested by our obser-
vations on inter- and subtidal rock habitats, may be 
the protection offered by such cracks and crevices 
from predatory sea stars. future studies are needed 
to show whether early settling T. calyptraeaformis 
may attract further specimens to form aggregations, 
which are frequently observed under boulders in the 
intertidal and shallow subtidal zone (gallardo, 1977; 
chaparro et al., 1998).
Another notable difference between the two mi-
crohabitats is the strong preference of the barnacle 
B. flosculus for exposed surfaces: settlement on the 
hidden side of the experimental panels was very 
scarce. in general, barnacle larvae exhibit positive 
phototaxis (Barnes and Klepal, 1972) and thus pre-
fer open and exposed surfaces for settlement (e.g. 
connell, 1985). the initial abundance is further 
enhanced by a gregarious tendency whereby larvae 
from subsequent waves of recruitment are encour-
aged to settle among conspecifics (Matsumura et al., 
2000). differences in species composition on ex-
posed and hidden surfaces lead to dissimilar patterns 
of coverage during the successional sequence. on 
exposed surfaces, the pioneer bryozoan M. isabel-
leana was subsequently outcompeted by encrusting 
red corallines and the barnacle B. flosculus. thus, 
exposed communities display a competitive hierar-
chy, eventually dominated by the late colonizing L. 
variabilis, whose ability to suppress competitively 
inferior organisms is an important factor in the late 
successional sequence. this is in line with observa-
tions from other subtidal habitats, in which domi-
nant colonial species (e.g. poriferans, hydrozoans, 
and corals) overgrow subordinate species by lateral 
expansion (Jackson, 1977; teixidó et al., 2007). on 
hidden surfaces, the bryozoan M. isabelleana bene-
fited from the absence of competitively superior taxa 
throughout the experiment, despite the subsequent 
recruitment of D. mejillonensis and B. flosculus. no 
overgrowth was observed, so competitive exclu-
sion was not detected. L. variabilis was recorded on 
hidden surfaces at the end of the experiment but in 
much lower abundance than on the exposed surfac-
es. however, it is likely that over time colonies will 
continue to grow and spread out, and that ultimately 
overgrowth may occur. this would indicate a slower 
successional sequence in hidden habitats than on ex-
posed substrata. likewise, the interactions between 
algae and invertebrates are critical in the dynamics 
of space occupancy, but in hidden habitats the ab-
sence of algae can alleviate competition for space 
(glasby, 1999a,b; Baynes, 1999; Miller and etter, 
2008), which presumably is another factor slowing 
down the rate of succession.
in conclusion, the successional sequences dif-
fered substantially between exposed and hidden 
habitats during the 27-month in situ experiment. in 
natural systems, such differences will contribute to 
overall biodiversity, as pioneer species unable to 
survive long periods on exposed surfaces may be 
able to persist on hidden surfaces, from where they 
may expand by lateral growth to exposed surfaces or 
migrate when size-specific thresholds are overcome 
(e.g. Sommer et al., 1999). in particular, hidden 
communities may also be part of important energy 
and material pathways (richter et al., 2001) but 
they are often ignored, as most succession studies 
have focused on exposed plain surfaces. We suggest 
that future studies on ecological processes and com-
munity succession on hard-bottom substrata should 
also include hidden communities, because these may 
have an important influence on local community 
composition and structure.
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